Objectives: To establish muscle-strength and -balance profiles for shoulder external rotation (ER) and internal rotation (IR) in master's swimmers. Design: Cross-sectional study. Setting: Laboratory. Participants: Six male and seven female master's swimmers and a matched control group. Measurements: Concentric and eccentric ER and IR shoulder movements were recorded (Kin-Com™ isokinetic dynamometer). Peak-torque values, concentric ER:IR ratios, eccentric ER:IR (conventional) ratios, and eccentric ER:concentric IR (functional) ratios were examined between groups. Results: Mean peak-torque values ranged from 21.23 to 37.69 N · m for the swimmers, which, although 15% to 27% greater than those of the controls, were not statistically different. Conventional (0.78:0.86) and functional (1.06:1.17) ratios did not differ between groups. Conclusions: These data will contribute to the development of guidelines for assessing shoulder-muscle strength in Master's swimmers. Key Words: master's swimming, shoulder strength, muscle balance Shoulder pain is the most common musculoskeletal complaint of swimming athletes, with incidence reported between 40% and 80%.
Shoulder pain is the most common musculoskeletal complaint of swimming athletes, with incidence reported between 40% and 80%.
1,2 A survey of competitive swimmers revealed that the prevalence of interfering shoulder pain in this population ranged from 10% to 26%. 3 Although previous research on shoulder pain in swimmers has focused on young elite athletes, this problem has been found to be equally prevalent in master's swimmers. 4 Several factors have been implicated as possible contributors to the development of shoulder pain in swimmers. Muscle-strength imbalance of the shoulder internal and external rotators has been identified as a possible cause of glenohumeral instability leading to impingement and shoulder pain. [5] [6] [7] [8] [9] The only previous study 10 to evaluate shoulder externaland internal-rotation strength in master's swimmers documented isometric strength for shoulder external and internal rotation in pain-free elite swimmers (N = 24) in the prone position using a handheld dynamometer.
Isokinetic peak torques have not previously been determined in master's swimmers. Therefore, the aim of this study was to establish isokinetic muscle-strength and muscle-balance profiles of the shoulder external and internal rotators in master's swimmers.
Methods

Design
A cross-sectional study design was used, comparing isokinetic torque parameters of master's swimmers with a group of controls matched on gender and age. Peak isokinetic torque was measured for concentric and eccentric contributions, for both external and internal rotation, for both arms (dominant and nondominant). Thus, 8 measurements were made on each subject. No within-group or within-subject comparisons were made.
Subjects
Thirteen master's swimmers (6 men and 7 women) were recruited from the Dunedin (New Zealand) master's training squad, and control subjects, from the University of Otago and wider community. All subjects were free from upper extremity injury at the time of testing and had not experienced shoulder pain in the preceding year. They had not experienced previous shoulder dislocations and had not had surgery to the upper limbs. The subjects were age and gender matched, with mean ages of the swimmers and controls 43.5 (25-58) and 42.7 (25-60) years, respectively. Eleven of the swimmers and 9 of the controls were right-hand dominant. The swimmers averaged 16.1 (0.33-50) years of consistent swimming, with an average of 7.9 (0.33-18) years of master's swimming. They participated in training for 11.1 (range 8-12) months of the year, 4 times weekly, completing an average distance of 2.4 km per session. The main strokes for the swimmers were as follows: Eight used mainly freestyle, 3 used freestyle and butterfly, 1 used mainly breaststroke, and 1 participant used freestyle and backstroke. Hand paddles were used during training sessions by 46% (n = 6) of the swimmers, and 69% (n = 9) were simultaneously involved in weight training. Two male control subjects were club cricketers, playing twice per week during the season. The control subjects did not participate in any overhead sports or activities for more than 1 hour per week (an inclusion criterion). The protocol of this study was approved by the Ethics Committee of the University of Otago.
A questionnaire was completed by all subjects to ascertain any past shoulder problems and establish the training history of the swimmers, after which a clinical examination of the shoulders was performed, including the Hawkins, 11 apprehension, sulcus-sign, and drawer tests, 12 to test for signs of impingement and instability. These tests were negative for pain and asymmetrical laxity in all subjects.
Procedures
Subjects performed a general warm-up of the shoulder area on an upper body ergometer for 3 minutes before testing. They were then seated adjacent to an isokinetic device (Kin-Com™ 500H, Chattecx Corp, Chattanooga, Tenn) and stabilized with straps across the chest and pelvis, with the shoulder positioned in the scapular plane, defined as 80° abduction and 20° forward flexion. 9 The degree of shoulder abduction was controlled by adjusting the dynamometer head and seat height, thus fixing the axis of movement in the required position. Plumb lines dropped bilaterally from the acromion were used to measure the degree of frontal-plane flexion. An angle was measured from the intersection between the plumb line from the acromion of the side being tested and the horizontal line from the axis of movement. The chair was adjusted to ensure that the plumb line from the opposite shoulder intersected with the 20° angle. A goniometer was used to measure all angles involved in upper limb positioning. This shoulder position was chosen because it closely approximates the mid-pull-through phase of the freestyle swimming stroke as described by Bak and Magnusson. 9 Range-of-motion limits were set at 70° of external and 30° of internal rotation. Gravity compensation was activated for all testing procedures as external rotation was performed against gravity. 13 The test-retest reliability for isokinetic testing of shoulder internal-and external-rotation strength is well established. 14 To familiarize subjects with the testing procedure, they performed 3 submaximal concentric and eccentric contractions for both external and internal rotation. Strength testing consisted of 3 interrupted maximal contractions of both concentric and eccentric external and internal rotation at a speed of 90°/s. This speed has been calculated to closely approximate average training angular velocity of the shoulder in the freestyle stroke. 9 The greatest peak torque was determined visually on the computer monitor during contractions and retained for analysis. Subjects were instructed and verbally encouraged to produce a maximum effort for every contraction and to relax at the end of the movement. To negate possible effects of fatigue, a rest of 3 minutes was allowed between testing of external and internal rotations.
Data Analysis
Descriptive statistics (mean, SD, coefficient of variationn [CV]) were computed for each variable, for both shoulders, for the swimming and control groups. Conventional (concentric external rotation:internal rotation) 8 and functional (eccentric external rotation:concentric internal rotation) 9 ratios were constructed from these data for each shoulder for both groups. Differences between the groups were explored using paired-samples t tests. An a priori level of statistical significance for all tests was set at α = .05 and adjusted with a Bonferroni correction procedure for multiple tests (. 05/14) to give an overall experimental alpha level of .004.
Results
The peak torques for all movements are presented in Table 1 . Observed differences between the groups ranged from 15% to 27%. These differences could not be confirmed with the Bonferroni-corrected alpha level (.004), indicating no statistical differences between the groups for any of the examined variables. A difference of 15% is meaningful, however, in clinical assessment of peak torque. Considerable variability was observed in the data as evidenced by the magnitude of the CVs (range 40% to 53%), most probably indicating the heterogeneity in age and gender. No significant differences (α = .004) were observed between the swimmers' and nonswimmers' conventional or functional strength ratios (Table 2) .
Comments
This study provides preliminary data for isokinetic peak-torque values of shoulder external and internal rotation in master's swimmers. Although not statistically different than those from an age-and gender-matched group, the data do suggest that the swimmers tended to be stronger across the movements measured. There was no indication that this tendency was specific to concentric internal rotation, as might have been expected. 15 Although not formally examined, there appeared to be no asymmetry in shoulder performance.
It should be noted that the differences between the 2 groups were often of a clinically interesting magnitude, particularly in eccentric movements in which the swimmers consistently demonstrated peak torques more than 20% greater than those of the control group. Although the peak torques are valuable descriptors, the muscle-balance ratios are of clinical importance in indicating the integrity of the dynamic stabilizing structures of the joint. Collectively, there was no evidence of muscle imbalance between the external and internal rotators in either the dominant or nondominant shoulders in the master's swimmers-their ratios were comparable to those of the control group.
The ratios reported here, both conventional and functional, are somewhat higher than those documented previously [7] [8] [9] -the younger elite swimmers in these studies demonstrated increased internal-rotation peak torques, which .308
were reflected in their ratio values. This might be explained by the fact that the master's swimmers in this study appeared to train at lower volumes than did the younger swimmers. Furthermore, these master's swimmers might exhibit age-related changes in strength, including declining peak torque with increasing age, albeit not uniformly, because eccentric strength has been shown to demonstrate greater resistance to the aging process. 16 This might explain the magnitude of the functional ratios reported here.
The heterogeneity of the swimmers in this sample of convenience most probably contributed to the inability of the statistical tests to detect differences. Postanalysis power calculations (power = .8; α = .004) estimated that sample sizes ranging between 15 and 93 would have been needed to detect the observed differences between the peak torques of swimmers and controls. If possible, future studies should be designed to include a narrower age range and more stringent admission criteria with respect to swimming experience and level, together with a larger sample and perhaps a more focused variable set.
Conclusion
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